Aim -to estimate short-and long-term outcomes of pediatric kidney transplants in Russia considering the maximum available number of cases.
Kidney transplantation is optimal mode of renal replacement therapy (RRT) in most patients with chronic kidney disease stage V and characterized by the best life expectancy and quality of life compared with other approaches. ERA-EDTA European register (2015) [1] reported following 5-year survival rates depending on RRT mode:
-Peritoneal or hemodialysis -41.8%; -Cadaveric kidney transplantation -88.0%; -Living-donor kidney transplantation -94.1%.
Five-year survival of cadaveric kidney transplants is 78.9%, living-donor kidney transplants -87.4%. According to the same registry, effectiveness of kidney transplantation is greatest in patients operated in childhood and adolescence (0 to 19 years), their life expectancy is about 60-65 years.
According to the report of the All-Russian Register of Renal Replacement Therapy [2] at the beginning of 2016, 626 patients younger 18 years received RRT in Russia (1.4% of all patients), 283 (45.2%) of them lived with functioning kidney transplant. The authors emphasize more than 2-fold decrease of RRT availability for children in our country compared with European countries [3] and the USA [4] . In addition, it is noted that kidney transplantation as RRT option in children is used in 71 and 77% in the USA and Europe, respectively. These values are 1.5 and 1.7 times higher than those in Russia.
Russian Transplant Society reported annual number of kidney transplantation procedures in children near 57-92 in 2011-2016. Most of operations were performed in 3 Moscow clinics: Russian Children's Clinical Hospital, Petrovsky Russian Research Center of Surgery and Shu-makov Federal Research Center for Transplantology and Artificial Organs [5] .
There are fewer reports devoted to this problem in national literature despite obvious need to study and evaluate long-term results of transplantation, to identify causes and factors limiting the effectiveness of this method of RRT [6] [7] [8] . In this regard, the goal was to analyze early and long-term outcomes of kidney transplantation in Russia considering the maximum available number of observations.
Material and methods
There were 1187 kidney transplantation procedures performed in 1065 patients younger 18 years. Most of operations (743, 63%) have been performed in the Russian Children's Clinical Hospital for the period January 1990 -December 2016; 335 (28%) transplantations in the Petrovsky Russian Research Center of Surgery from January 2001 to June 2017; 109 (9%) operations in the Shumakov Federal Research Center for Transplantology and Artificial Organs from January 1990 to December 2015. Overall data of recipients and donors, features and outcomes of transplantation were collected by the staff of these institutions, combined into database and analyzed. 940 out of 1065 patients underwent one transplantation, 118 -two procedures (initial operation was performed in other centers in 8 of them), 7 -three transplan-tations (one patients underwent the first two procedures in other centers). Thus, redo transplantations in children are represented by 131 (11%) cases. Thirty patients underwent redo transplantation after 18 years old (20 -the second, 6 -the third, 4 -the second and the third).
Statistical analysis
Quantitative data were presented as median with interquartile range [25-75%], minimum and maximum values. Incidence in percent was indicated for qualitative variables. Two-sided non-parametric Mann-Whitney test was used to determine differences of quantitative characteristics in two independent samples. Two-sided Fisher's exact test was applied to determine differences of qualitative characteristics in two independent groups. Survival of recipients and transplants was calculated using Kaplan-Meier curves with 95% confidence interval (95% CI). Two endpoints were considered to calculate survival of the grafts: death of recipient with functioning transplant and loss of the graft. Survival in two independent groups was compared using log-rank test; in three independent groups -Chi-square test. All differences were significant at p<0.05.
Results

Characteristics of recipients and donors
Age of children was 0-17 complete years by the moment of transplantation (median 13 years) ( Fig. 1 ).
There were 46% girls and 54% boys. Causes of CKD stage V are presented in Table 1 . Focal and segmental glomerular sclerosis and atypical hemolytic-uremic syndrome are separately identified as diseases with high risk of recurrence in the transplant.
In 866 (73%) cases graft for transplantation was obtained from posthumous donors, in 321 (27%) -from related donors ( Table 2) . Survival and causes of mortality There were 135 (13% of all operated children) deaths by the moment of statistical analysis. Median follow-up from transplantation to death was 1.3 years (0-15.5 years). Other recipients are still under follow-up (median is 3 years, range 0-26). Survival of recipients is shown in Fig. 2 and Table 3 .
Analysis of causes ( Table 4 ) and terms of death ( Fig. 3 ) showed that leading cause of mortality is infection while over 60% of all deaths occur within the first two years after surgery. It should be note that cause of death was unknown in 29% of cases.
Surgical experience for the periods 1990-2005 and 2006 -2017 has been separately analyzed due to its constant accumulation throughout 25-year period, improvement of surgical techniques and anesthetic approaches, introduction of new immunosuppressive drugs and protocols for their administration. Annual and 10-year survival of recipients is significantly increased by 5% and 8% respectively in the second period (p= 0.007) ( Fig. 4 , Table 5 ).
Survival of grafts and causes of failure 372 (31%) transplants were failed for entire follow-up due to various reasons. Median time to graft failure was 1.3 years (range 0 -19.3 years). Median follow-up of functioning transplants is 3.8 years (range 0 -20.5 years). Survival of transplants is shown in Fig. 5 and Table 6 . 
Fig. 2. Survival of recipients (n=1065). 95% confidence interval is indicated by dotted lines.
Table 3. Annual, five-, ten-and fifteen-year survival of recipients after transplantation
Fig. 5. Survival of grafts (n=1187) Cl 95% confidence interval is indicated by dotted lines.
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Leading causes of malfunction ( Table 7) were death of recipient with functioning transplant, primary dysfunction of kidney transplant and chronic allograft nephropathy. Causes of failed grafts are unclear in 10% of cases.
Allografts were predominantly failed during the first postoperative year (47%) (Fig. 6) .
Influence of certain factors on survival of the grafts
Survival of the grafts after primary related (RKT, n=316) and cadaveric (CKT, n=740) kidney transplantation was compared to determine the influence of donor type on the outcomes (Fig. 7, Table 8 ). Well-known advantages of related transplantation were also confirmed (p<0.0001).
It should be noted that 12.5% of related couples were incompatible by blood group (ABO antigen system) and underwent preoperative desensitizing measures aimed at eliminating anti-A/B antibodies. Survival of the grafts af-ter AB0-incompatible transplantations (iABO, n=40) was similar to that after identical or AB0-compatible primary RKT (n=276) and better than after CKT (n=740) (Fig. 8 , Table 9 ).
Recipient's age by the moment of surgery is traditionally considered as one of the key parameters determining outcomes of transplantation in children. Thus, graft survival after primary transplantation was calculated in 4 groups: younger 5 years, 6-10 years, 11-14 years and 15-17 years considering type of donor (Table 10 ). The best early results were obtained after related transplantation in children aged 6-10 and 11-14 years. CKT was followed by similar outcomes in all groups. However, advanced incidence of failed grafts within 1-5 years after transplantation in patients older than 11 years attracts attention.
Early (1 year) and long-term (10 years) survival of the grafts improved by 10 and 17%, respectively in 2006-2017 compared with 1990-2005 (p<0.0001) ( Fig. 9 , Table 11 ).
Need and results of redo transplantations
The question of redo kidney transplantation is especially relevant for recipients after primary surgery in childhood and adolescence due to limited time of function of the graft. We analyzed 372 children with failed grafts in attempt to assess real need for redo transplantation. We examined 288 cases after exclusion of patients with functioning grafts (n=84). The first transplantation is followed by need for redo surgery in 23%, the second transplantation -in 30% and the third -in 43% of patients. It should be noted that calculation does not take into account the possible absolute contraindications to redo transplantation. However, it seems to be that this situation will be relatively rare and real need for re-transplantation will be similar to calculated value.
Survival of the grafts was similar after primary (n=1056) and redo (the second) procedure (n=124) (Fig.  10, Table 12 ).
Further, 143 patients who underwent two or more kidney transplantations were separately analyzed including Fig. 8 . Survival of the grafts depending on donor type and AB0-compatibility.
RKT -related kidney transplantation from identical/AB0-compatible donor, iAB0 -related kidney transplantation from AB0-incompatible donor, CKT -cadaveric kidney transplantation from identical/AB0-compatible donor. those after redo surgery aged over 18 years. There were no clear data about initial transplantations in 8 cases since they were carried out in other centers. Therefore, 287 procedures in 135 patients were enrolled (the first -135, the second -135, the third -16, the fourth -1) (Table 13 ).
The main causes of failed graft after initial transplantation were primary graft dysfunction (PGD), acute or chronic rejection, chronic allograft nephropathy and graft thrombosis.
Survival of the grafts in this group is shown in Fig. 11 and Table 14 . Obviously, survival of the graft is significantly better after redo procedure in children who lost the first allograft. Thus, expediency and effectiveness of redo transplantations are confirmed. 
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Discussion
This trial summarizes more that 25-year experience of 3 centers. We emphasize that analysis did not include all operations throughout the country that is undoubtedly a limitation of this research. So, only known outcomes may be considered. At the same time, the authors confidently believe that the sample is representative while valid conclusions may be formulated using this analysis.
In our opinion, structure of mortality and failed grafts is the most valuable. More than 40% of deaths of recipients were due to infectious complications. On the one hand, it is well known that immunosuppressive therapy may be followed by life-threatening infections. However, such high frequency is probably due not only objective risks but also caused by insufficient specific prophylaxis in children.
Vaccination before transplantation and in postoperative period, monitoring of immunosuppressant doses especially after discharge, adequate and rational adminis- Fig. 11. Survival of the grafts after the first (n=135), the second (n=135) and the third (n=16) transplantation. Twice a year Tuberculosis* Note. * -BCG vaccine is assigned to patients with negative Mantoux test and to those who have not received BCG earlier;** -patients with sufficient IgG levels can miss appropriate vaccination. tration of antibiotics, antiviral and antifungal drugs, education of children and their parents, as well as explaining the need for compliance with medical recommendations and monitoring of the process by a doctor should be considered as the most important and effective measures.
Vaccination prior to kidney transplantation or postoperatively is of particular relevance in children in comparison with adults due to following reasons. First, chronic kidney disease in children occurs as a result of long-term renal disease as a rule that is considered by pediatricians as a contraindication to vaccination. Secondly, chronic kidney disease is accompanied by certain grade of immunodeficiency lowering immune response to vaccination. Current recommendations for vaccinating children in kidney transplantation were published in March 2018 [9] . Adapted version of the protocol is shown in Table 15 .
Lethal outcomes caused by complications of renal insufficiency (13.5% of all deaths) are also a cause of concern. In most cases mortality is the result of progressive aggravation of allograft function and untimely resumption of dialysis. Several circumstances can result such situations: patient's incompetence, underestimation of renal function impairment by attending physician, unavailable dialysis (this reason is not so relevant in recent years as in the 1990s).
It should be noted that cause of death was unknown in 29%. High percentage of lost data in this part of analysis is probably due to no full contact of specialists from transplantation centers with pediatricians, nephrologists and parents of children. Adequate communication is important mainly to improve the quality of follow-up and treatment, for prompt resolution of both medical and organizational issues.
In 50% of cases allografts were failed due to 3 reasons: death of the recipient with functioning graft (23%), chronic allograft nephropathy (19%) and primary dysfunction of the graft (18%). When it comes to children, loss of the graft due to death of the patient is categorically unacceptable because average life expectancy of the patient is substantially higher than mean time of allograft function. High incidence of primary dysfunction of the graft is due to the use of organs of posthumous donors (73%) with significant proportion of those with cardiac arrest.
In our opinion, improved outcomes in 2006-2017 are caused by frequent transplantations from relatives as well as from donors with brain death who did not undergo primary thermal ischemia. Prolonged cold storage of organs of postmortem donors should be considered (median -17 hours, interquartile range 14-22 hours) because it is wellknown independent factor affecting primary function of the graft. Since donor hospitals are mainly located within Moscow region it is quite real to reduce this value up to 10-12 hours in most cases by optimizing organizational process and logistics. Age of the donor is another important variable determining quality of the graft and its functional reserve. There is no doubt that children should have priority in distribution of organs received from young donors.
An important aspect of kidney transplantation in children is assessment of immunological risks and complications, as well as effectiveness of various modes of immunosuppression. In this paper, this topic was not deliberately addressed due to significant evolutionary changes in immunosuppressive therapy over the last 25 years and different drugs/immunosuppression protocols in various centers at each time. We did not analyze incidence and severity of rejection for the same reasons and believe that this issue should be separately assessed. We would like only note that immunological selection of donor organ for transplantation is much more important in children than in adults. This is due high immune reactivity and greater need for redo transplantation in children and adolescents.
Redo transplantation seems to be natural event in children in view of actual survival of recipients, allografts and current development of transplantation technologies. In our trial survival of the grafts was similar after primary and redo surgery although many studies have repeatedly shown that re-transplantation is followed by significantly lower survival of the grafts. It is a mistake to believe that similar outcomes in both samples are due to good results of redo surgery. The true reason is a relatively high incidence of primary dysfunction of the grafts and early losses of kidneys after the first transplantation. Undoubtedly, redo transplantations (especially the third or the fourth procedures) are followed by certain organizational and medical issues: need for sometimes prolonged and expensive preparation of patient, advanced risk of postoperative complications, the use of special expensive immunosuppression protocols, etc. So, some centers abstain from re-transplantation due to high risk of possible unfavorable outcomes. This approach is erroneous that is illustrated by the results of initial and redo operations. Survival of the grafts was significantly higher after redo procedure compared with the first operation. Patient should obligatory undergo redo surgery if absolute contraindications are absent. There are no certain priorities regarding distribution of donor organs in candidates for redo transplantation. However, previous transplantations followed by donor-specific antibodies and anatomical characteristics of the graft should be considered.
Particular group is patients who underwent transplantation in childhood and failed graft after 18 years old. They need for redo surgery in «adult» transplantation center. The best mode is center specialized for operations in adults and children. However, it is not always possible in view of certain administrative rules and regulations for medical institutions. Communication between specialists from different centers is of particular importance in these situations. Complete information about anamnesis, course of disease, donor, surgery, immunosuppressive therapy, postoperative complications is necessary to schedule redo transplantation regardless terms after previous surgery. Effective communication between specialists is also important when recipient comes under outpatient surveillance by «adult» nephrologist or transplantologist. This transfer may be psychologically very painful for formally grownup patient especially if it is not possible to quickly establish proper contact with a new doctor. These circumstances can provoke refusal regular outpatient monitoring and compliance with medical recommendations.
Conclusion
It is reasonable to consider the outcomes of transplantations as satisfactory in Russia. However, there is a great potential for improvement. The main problems are high incidence of infectious complications followed by fatal outcomes and loss of allograft due to primary dysfunction and death of recipients with functioning allografts. Transplantation from relatives including those with AB0-incompatibility is able to significantly improve survival of the grafts (by 15-30%). Need for redo transplantation arises in 23% of newly-operated children within 4-5 years and in 2 / 3 patients after 10-15 years. Outcomes of redo transplantations are comparable with those after primary operations. Incidence of redo procedures was 13% within 25-year period.
